ABSTRACT
INTRODUCTION

21
Soil compaction is a common problem on restored sites and often occurs during soil stripping, storage and reinstatement as part of the excavation, restoration and after-care stages of mineral extraction. The risk of 23 soil compaction can be minimised by following best practice guidance at all of these stages, such as that 24 detailed in Moffat and McNeill (1994) . Despite these guidelines, many restored sites still suffer from severe 25 soil compaction that will require alleviation prior to vegetation establishment.
27
Current UK (Moffat and McNeill, 1994) guidance for woodland establishment on restored sites recommends 28 a rootable soil depth of at least 1 m. A 'rootable soil' is defined as having a bulk density of less than 1.5 g 29 cm -3 to at least 0.5 m depth, and less than 1.7 g cm -3 to 1.0 m depth (Bending et al., 1999) . Similarly, a soil 30 depth of 1.2 m is recommended for agricultural soils (Defra, 2005) with a bulk density of less than 1.3 g cm -3 31 to 0.25 m depth and less than 1.5 g cm -3 for the remaining profile (Bending et al., 1999) . To achieve this 32 thickness of rootable soil, the recommended method for soil reinstatement in forestry is loose tipping (Moffat 33 and McNeill, 1994) . However, where soils have either been poorly restored, or already replaced but have and firm. The length of each of tine leg is 1.05 m, leg width is 2.5 cm and the effective leg spacing 0.7 m.
113
The tine point width is 3 cm and the lift height of the wing 5 cm. The wing, with a width of 28.5 cm, starts at 114 the base of the leg and 1 cm above the tine point, and the total working width is 3.5 m. The crawler used 115 was a 336 kW 45 t Fiat Alliss FD31.
117
The effectiveness of the Mega-lift ripper at alleviating soil compaction was trialled in both two and four 118 passes, aiming loosening to 1.0 m in both cases. Previous field trials (Jones, 2001) found that the Mega-Lift 119 failed to achieve loosening to 1.0 m in two passes, but achieved this depth successfully after four passes.
120
The crawler made the first cultivation run, turning at the headland to make the second run, turning again to 121 run three and so on until the desired area was cultivated. At the end of the final run, the crawler turned back 122 to the first run and started the second pass, running deeper than the first pass to ensure further loosening of 123 the soil. This process was repeated for the third and fourth passes. During the two pass operation, the 124 depths of loosening were aimed at 0.5 and 1.0 m in the first and second pass respectively. 
154
The point was driven into the ground using a 3 kg drop hammer which attaches to the top of the rod. The 
160
Statistical analysis
161
The penetrometer measurements were averaged across each 2 m transect at each 3 cm depth increment.
162
These mean values were then subjected to a square root transformation to equalise the variance. 
208
Lifting Driving Tool
209
As expected, soil resistance increased with increasing depth across all treatments (P<0.001). Soil 210 resistance was also significantly different between the cultivation treatments (P<0.001) as was the interaction 211 between depth and cultivation treatment (p<0.001). The depths at which significant differences were 212 observed between treatments are shown in Table 5 . Zou et al., 2001 and Boone and Veen, 1994, respectively) by the root (Bengough and Mullins, 1991; Whiteley et al., 1981) . This is primarily due to the increased 343 frictional resistance on the metal probe of the penetrometer. In addition, the metal probe is forced vertically 344 into the soil profile, whereas roots will develop around compacted areas (Bengough and Mullins, 1990 which met satisfactory conditions for tree development, combined with the comparatively high cost of complete cultivation emphasises that prevention of soil compaction is better than cure. In order to eliminate 362 the need for cultivation, soil should be replaced using loose tipping at the restoration stage. Mean area calculated from the depth at which 2 MPa value was not exceeded across the Strip top layer. This may be accomplished in two or more passes 15 to 25 cm in thickness depending on friability. Cultivate in an arc to a final working width of between 7 to 8 metres.
363
2.
Place the spoil in front of the void. Drop material from height to further assist the break up. Large lumps may require further breaking up at this stage.
3.
Repeat  until final working length of between 2 to 4 metres is accomplished.
4.
On completion of working width the next stage can be started.
5.
Cultivate second layer to required depth. If friable this may be broken up by simply lifting and raking the spoil. Long teeth on the bucket can assist in the breaking up process.
6.
If material is not friable scrape in 15 to 25 cm layers lift and drop to assist break up. Spoil is replaced directly into the bottom of the void.
7.
Cultivate entire working length lifting spoil and dropping to increase the cultivating effect.
8.
Move machine forward and pull top layer into void. Level off and move back 3 to 4 metres. Repeat  through  until strip complete. 
